The period between roughly 45,000 and 30,000 years ago witnessed several critical events in human evolutionary history, among them the appearance and elaboration of Upper Paleolithic technologies, the disappearance of archaic hominid species, and the apparent ascendance of anatomically modern humans. Among the many novel features of the Upper Paleolithic, it is the sudden ubiquity of blade technologies beginning approximately 45,000 years ago that appears to signal significant behavioral change (Bar-Yosef and Kuhn 1999:333) . This increasing reliance on blade technologies is now commonly referred to as the Initial Upper Paleolithic (Bar-Yosef and Kuhn 1999, Kuhn, Stiner, and Gü leç 1999) . Throughout western Eurasia there appear to be common technological trends defining this phase, including (1) blade production from cores combining elements of both Middle and Upper Paleolithic technologies, (2) high frequencies of retouched blade tools, (3) blade blanks with faceted platforms, and (4) elongate Levallois points (Kuhn, Stiner, and Gü leç 1999:506) . Assemblages are dominated by tool forms traditionally considered characteristic of the Upper Paleolithic, namely, end scrapers, burins, and truncations. Other tool forms, including side scrapers, denticulates, and occasionally points, may also occur in high frequencies.
There is ample evidence to suggest that genuine Initial (Goebel, Derevianko, and Petrin 1993:456) . The Middle Paleolithic collections derive from strata 9-7 and thus have an expected age of approximately 62,200 years b.p. (calendric). The Upper Paleolithic collections derive from stratum 6 and have a corresponding radiocarbon age of 43,000 b.p. Additional Upper Paleolithic assemblages were excavated from strata 5-3 but are not discussed here. The analyses presented below are based on a study of the Kara Bom collections (n specimens p 2,085) undertaken in 1998.
The dominant stone raw material used at Kara Bom is a fine-grained gray-black chert found in abundance in the channel of the Altairy River, 1-2 km from the site. More than 98% of the combined Middle and Upper Paleolithic collections is based on this one raw-material type. Levallois-like flat-faced cores are the dominant core form represented in the Middle Paleolithic collections (n p 20) ( fig. 3, table 1 ). These cores are typically planoconvex in lateral cross section, restricting reduction to a single "face" of the core (see Boëda 1995) . The striking platforms are commonly faceted and approach right angles with the primary reduction face. Additional core forms make up only a small part of the assemblage. Not surprisingly, Levallois end products constitute more than 20% (n p 78) of all of the recovered blanks from the Middle Paleolithic. Characteristically, such blanks are flat in both lateral and longitudinal profile and have steep ( 1 70Њ), faceted striking platforms. Only generalized flakes (n p 220, 59.9%) surpass Levallois end products in relative frequency. Perhaps more surprising, given Goebel, Derevianko, and Petrin's (1993:452) conclusion that "true blade cores and their removals" were absent from the Middle Paleolithic assemblage, is that blade end products, including Levallois and subprismatic blades, pointed blades, crested blades, and bladelets, make up nearly 15% (n p 52) of the Middle Paleolithic collections. Levallois blades are flat in cross section and have length-width ratios not exceeding 4:1, faceted platforms, parallel or subparallel dorsal scars, and somewhat irregular edges. In contrast, subprismatic blades tend to have straight lateral edges, trapezoidal or triangular cross sections, and more acute striking platforms. The manufacture of these blade end products is consistent with the morphology and reduction trajectories of the recovered cores. Combination tools (n p 15), displaying various mixtures of notched, denticulated, and scraper elements, dominate the Middle Paleolithic tool assemblage (table  2) .
Subprismatic blade cores are the most common prepared core form in the Upper Paleolithic collections (n p 5), though cores with standard Levallois geometry occur in nearly equal frequencies (n p 4) ( fig. 3, table 1 ). Subprismatic blade cores differ from Levallois-like flatfaced cores in extending reduction to as much as 200Њ of the core perimeter. Their striking platforms also tend to be more acute ( ! 70Њ), and platform faceting is less common. Blade end products are more than twice as common in the Upper Paleolithic horizons (42.4%, n p 252) as in the Middle Paleolithic. The majority of these are classified as subprismatic blades. Like their Levallois counterparts, subprismatic blades are very flat in longitudinal section and represent one end of a continuum of blade morphologies generated from both flat-faced and subprismatic cores. Flake-blades, which meet the metric definition of a blade but are unstandardized in one or more characteristics, represent the other end of this continuum. The small number of core tablets (n p 2) and the increased frequency of crested blades (n p 11) is consistent with a greater emphasis on blade technology in the Upper Paleolithic. Similarly, retouched tools on blades assume more importance (table 2).
Chikhen Agui (Ear Cave) is a small limestone rock shelter located in the central Gobi Desert of Mongolia (44Њ46Ј22.3Љ N, 99Њ04Ј08.7Љ E; 1,970 m above sea level) ( fig. 1) (Derevianko et al. 2001b) . Deposits reach a maximum thickness of about 75 cm, and the sequence is divided into three archaeological components ( fig. 2) . Strata 1 and 2 are exclusively microlithic and are not The raw-material environment at Chikhen Agui differs dramatically from that at Kara Bom. Approximately 94% of the assemblage is made of high-quality opaque cherts of several different types imported from at least 5 km away. Quartzite, one potential local material, makes up only 3.6% of the assemblage. The majority of the prepared cores from Chikhen Agui are small, Levallois-like bidirectional blade cores with opposed striking platforms ( fig. 4, table 1) . Two specimens are classified as Levallois flake or point cores on the basis of the character of the final removal before core discard. Generalized flakes (n p 41) form the single largest category of debitage at Chikhen Agui. However, all of the blade products combined (n p 42), including Levallois blades and bladelets, reach equal frequency. There is no evidence to suggest that blade and bladelet blanks were produced by different reduction strategies. They are morphologically similar in all respects, and the core population is consistent metrically with the production of both blank types. A similar conclusion may also apply to the series of elements resembling Levantine Levallois points. Flat-faced blade cores display a tendency to evolve toward convergent reduction. Over its use-life, a flat-faced core may therefore generate products that are parallel, subparallel, and convergent in plan form, as well as metric blades and bladelets. The technical elements classified as "crested blades" are similar to classic Upper Paleolithic lames à crê tes (Inizan, Roche, and Tixier 1992) . However, these preparations were apparently employed in shifting reduction from the primary face to the edge of the core in a manner somewhat consistent with lames dé bordants. Cores with lateral crests prepared late in the reduction sequence are common at other sites in Mongolia (Krivoshapkin 1998). Retouched tools constitute nearly 12% (n p 20) of the recovered artifacts from Chikhen Agui (table 2) . No single tool form occurs with great frequency except for blades with one or two edges retouched.
Shuidonggou Locality 1 is located on the edge of the Ordos Desert in Ningxia Hui Autonomous Region, 
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Nosed end scraper (CQRA 1987:37) . Given the probable secondary context of the bone date from stratum 7, the depositional age of strata 7-5 is estimated to be less than 17,000 b.p. A third infinite radiocarbon date on unknown material underlying the archaeological horizons is difficult to evaluate (Geng and Dan 1992:49). Finally, Chen and Yuan (1988) report on bone-derived U/ Th ages from the "Lower Cultural Level" at Shuidonggou ranging from 40,000 to 32,000 years b.p. (calendric).
Though not unreasonable given the character of the Shuidonggou industry, U/Th dating of bone has to be treated with extreme caution (Bischoff et al. 1988) . Recent AMS radiocarbon dates from Shuidonggou Locality 2 strongly support a model of increasing occupation intensities between 26,000 and 25,000 b.p. (Madsen et al. n.d.) . A total of 3,806 specimens excavated in 1980 were analyzed in 1998. The materials recovered from strata 6, 7, and 8b are identical in composition and are combined in all of the following presentations. Shuidonggou is located in an area of abundant alluvial gravels. Derived from these local sources, the two most common raw materials used in core and tool reduction are silicified limestone (n p 2,540, 66.7%) and quartzite (n p 698, 18.3%). Of the 176 cores recovered, formally prepared examples are numerically dominant (n p 94) and Levallois-like cores make up the majority (n p 86) ( fig. 5, table 1) . Six are classified as Levallois flake and point cores, while the remainder (n p 80) are Levalloislike unidirectional and bidirectional cores dedicated to the production of blade blanks. Other prepared core forms, including two unfinished pyramidal bladelet cores, are represented in low frequencies. The specimens classified as bipolar pebble cores superficially resemble microlithic technology, reflecting in part the constraints of using very small chalcedony pebbles (Madsen et al. n.d.) . Generalized flakes constitute more than half (n p 1,507) of all the debitage at Shuidonggou. A portion of the generalized flakes are undoubtedly related to the initial working of prepared cores, though there are no clear attributes to distinguish these flakes from others devoted to a core-and-flake strategy. Blanks that are unequivocally related to prepared core reduction constitute 27.8% (n p 620) of the assemblage, and formal blades alone constitute 21.6% (n p 482). The majority of blades are classified as Levallois products (n p 402). Subprismatic blades are uncommon (n p 7) and flake-blades more abundant (n p 112) than in the Kara Bom Upper Paleolithic collections. The tool assemblage from Shuidonggou represents a substantial part of the excavated collections (n p 544, 15%) (table 2). Flake tools constitute 58.6% (n p 319) of the sample, while 26.1% (n p 142) are based on blades. Including flake-blades, nearly 37% (n p 200) of the retouched tool assemblage is based on elongate end products.
coherence of the northeast asian initial upper paleolithic
As in western Eurasia, the Initial Upper Paleolithic emerges in Northeast Asia sometime after 45,000 years ago and is characterized by the elaboration of blade technologies showing a mixture of Middle and Upper Paleolithic characteristics. Beyond this general pattern, it is important to ask how coherent it is in terms of technology and typology. This question is addressed in a series of statistical comparisons of core, blank and tool populations. Prepared core reduction patterns. Table 3 compares primary reduction patterns for prepared cores from the study assemblages. The category "unidirectional linear" includes cores with unidirectional convergent, subparallel, and parallel removal scars. The category "bidirectional linear" includes cores with opposed platforms and parallel-to-subparallel removal scars. The category "unopposed/centripetal" includes cores with bidirectional unopposed removals, usually from platforms located at right angles to one another, and those with centripetal removals. Linear reduction predominates in all of the assemblages. Unopposed/centripetal cores are exceedingly rare. Unidirectional cores are more abundant in the Kara Bom assemblages, while bidirectional cores are more abundant at Chikhen Agui and Shuidonggou. Sample sizes preclude a statistical assessment of these observations. Blank reduction patterns. Table 3 conveys the same type of information for dorsal removal scars on standardized blanks. Generalized flakes and technical elements are not included in the analyses. The predominance of linear reduction patterns seen in the core populations is amplified in the blank populations. The general pattern is of an abundance of unidirectional blanks, with bidirectional and unopposed/centripetal blanks occurring in progressively lower frequencies. Standardized residuals provide a measure of the evenness of the reduction patterns across the four assemblages. Bidirectional blanks are apparently underrepresented in the Kara Bom Middle Paleolithic, with a greater than expected frequency of unopposed/centripetal blanks. Chikhen Agui appears to be an outlier in that bidirectional and unopposed/centripetal blanks are overrepresented. The Kara Bom Upper Paleolithic and Shuidonggou assemblages are strikingly similar to one another. Technical (core-trimming) elements. The importance of platform faceting in Northeast Asian prepared core technologies is further supported by the low frequency of platform tablets in all of the assemblages (table 5) . Platform tablets are recognized as one distinctive method of platform rejuvenation, especially for Upper Paleolithic prismatic blade technologies, whereby platform shaping problems and prominent flaking errors are corrected by removal of the entire platform (Inizan, Roche, and Tixier 1992) . This rejuvenation strategy was infrequently employed at all of the sites. We suggest, moreover, that the tablets identified at Chikhen Agui and Shuidonggou are reduction errors rather than intentional rejuvenation spalls. At Shuidonggou, where a target blade length appears to have driven the intensity of core reduction (Brantingham 1999) , the use of platform tablets would tend to reduce expected core use-life by quickly shortening the long axis of the cores.
The broader pattern of occurrence of technical elements is indicative of the similarities in core technologies between sites. Crested blades are consistently the dominant technical element represented except in the Kara Bom Middle Paleolithic. These are followed by "other" technical elements (primarily outrepassé blades) and edge elements, or é clats dé bordants. Statistical comparisons indicate that Shuidonggou is indistinguishable from both Chikhen Agui (x 2 p 5.383, d.f. p 3, p p 0.146) and the Kara Bom Upper Paleolithic (x 2 p 0.411, d.f. p 3, p p 0.938). This provides perhaps the strongest evidence that cores were prepared, reduced, and maintained in essentially the same ways in the Kara Bom Upper Paleolithic and at Chikhen Agui and Shuidonggou. The sample from the Kara Bom Middle Paleolithic is too small to evaluate statistically. However, the high frequency of edge elements relative to crested blades hints at some differences in core reduction strategies across the Middle-to-Upper Paleolithic transition.
Retouched tools. The strong similarities in core reduction strategies seen across the sites are not carried over to the retouched tool populations (table 6). The three most common retouched tool types at Shuidonggou are (1) side scrapers, (2) notched-denticulate tools, and (3) retouched blades. In the Kara Bom Upper Paleolithic the three most common tool types are (1) retouched blades, (2) combination tools, and (3) end scrapers and notched-denticulate tools, which occur in equal frequencies. Previous studies identified a much higher frequency of burins in the Kara Bom Upper Paleolithic assemblage, approaching 11% of all retouched tools (n p 20) (Derevianko and Markin 1997). Goebel (1994) also recorded a greater number of burins than the current study (n p 13). Yet in both of these studies burins still fall behind notched-denticulate tools, retouched blades, side scrapers, and irregularly retouched flakes in overall frequency. Our conservative estimate does not differ Upper Paleolithic levels 6 and 5 combined.
qualitatively from these earlier studies. Retouched blades are the most prominent tool type at Chikhen Agui, with other tool types occurring in roughly similar frequencies. In the Kara Bom Middle Paleolithic, combination tools are two to three times more frequent than any other tool type. Combining Shuidonggou, Chikhen Agui, and the Kara Bom Upper Paleolithic, the three most common tool types are (1) side scrapers, (2) notched-denticulate tools, and (3) and retouched blades. Clearly, none of these sites falls within traditional typological classifications of the Upper Paleolithic, which emphasize end scrapers, burins, and truncations. Formal end scrapers are present in low frequencies, burins are extremely rare, and truncations are absent.
To satisfy a measure of typological curiosity, it is instructive to count combination tools with classic Upper Paleolithic working edges as discrete types. Counting those with end-scraper edges strictly as end scrapers produces some changes in the rank-order frequencies of tool types. At Shuidonggou, end scrapers jump to the thirdmost-frequent tool type, behind side scrapers and notched-denticulate tools and ahead of retouched blades and retouched flakes. The rank-order position at Chikhen Agui does not change. In the Kara Bom Upper Paleolithic, end scrapers rise to the second-most-common tool type behind retouched blades. In the Kara Bom Middle Paleolithic, end scrapers surpass notched-denticulate tools, retouched blades, and retouched flakes to become the second-most-common tool type. The same counting procedure for burin combination tools has less impact. The burin category rises to position eight at Shuidonggou, position two at Chikhen Agui, position five in the Kara Bom Upper Paleolithic, and position four in the Kara Bom Middle Paleolithic.
The Chikhen Agui and Kara Bom Upper Paleolithic tool assemblages are the most consistent with a typological definition of the Initial Upper Paleolithic. However, the small sample size of the Chikhen Agui assemblage must be taken into account. In addition, the typological relevance of retouched blade tools must be questioned; blank size and shape are perhaps the most important morphological determinants among this class of tools. Regardless of the counting procedure, Shuidonggou has a strong Middle Paleolithic typological signature.
discussion
The Kara Bom Upper Paleolithic, Chikhen Agui, and Shuidonggou assemblages show evidence of the common technological trends accepted for the Initial Upper Paleolithic in western Eurasia. Core technologies generally fall within the Levallois definition and are specialized toward blade production. These generalizations may also hold for other assemblages in Siberia, such as Ust Karakol-1, Kara Tenesh, Byika II, Tolbaga, Varvarina Gora, Khotyk (Unit 2) and Kamenka A (Derevianko, Shimkin, and Powers 1998 , Derevianko and Markin 1997 , Rezanov et al. 1999 , and in Mongolia, such as Tsagaan Agui (White Cave) and the Arts Bogd, Orog Nur 1-2, and Tuin Gol localities (Derevianko et al. 2000a, b; Derevianko and Petrin 1995; Kozlowski 1971; Krivoshapkin 1998; Okladnikov 1965 Okladnikov , 1978 . Shidonggou remains the only site in North China known to exhibit these characteristics (Brantingham 1999 , Lin 1996 . The most striking parallels with western Eurasian sites are found with the "flat cores" and "cores with lateral crests" of the Bohunician (Svoboda and Svoboda 1985:511) , as well as recently excavated Initial Upper Paleolithic assemblages in Turkey (Kuhn, Stiner, and Gü leç 1999) , Syria (Boëda and Muhesen 1993) , and the Levant (Bar-Yosef 2000, Marks 1990).
Despite these clear technological parallels, the Northeast Asian assemblages examined here do not conform to western Eurasian typological expectations of the Initial Upper Paleolithic. The high frequencies of side scrapers and notched-denticulate tools are more consistent with Middle Paleolithic typological definitions. End scrapers and burins are present but in relatively low frequencies. Such typological distinctions-including those emphasizing the presence or absence of fossiles directeurs such as Emireh points-may at best have regional chrono-stratigraphic relevance, and they probably have little to do with the behavioral and evolutionary processes underlying the origin and elaboration of the Initial Upper Paleolithic. The only substantive difference between the Middle and the Initial Upper Paleolithic in Northeast Asia is a shift in emphasis toward the production and use of blades. Stone tool typology appears to vary independently of this shift, and classic Upper Paleolithic traits such as formal bone and antler technologies do not in fact become prevalent until much later (! 30,000 b.p.) (Derevianko, Shimkin, and Powers 1998) .
Why shift to a greater emphasis on blades but retain Levallois core designs? Levallois core geometry is one way to maximize core productivity in terms of number of end products and cutting-edge length while minimizing reduction waste (Brantingham and Kuhn 2001) . Far from incompatible, blade and Levallois technologies together may actually extend the broad benefits of Levallois core geometries by allowing for the continuous production of usable blanks, uninterrupted by preparation and maintenance. The behavioral implications of recurrent blade production are twofold. First, the ability to generate more usable blanks per unit volume of raw material may have allowed foraging groups to move farther from specific sources of raw material, and this may have contributed measurably to more flexible activity scheduling on a variety of time scales. Second, the ability to produce standardized blades may have translated into greater predictability in technological performance and greater control over potential foraging risks, particularly if large Initial Upper Paleolithic blades were used as insets in complex composite armatures (Bar-Yosef and Kuhn 1999, Elston and Brantingham 2000) .
Such behavioral changes may be reflected in the appearance and spread of the Initial Upper Paleolithic into extreme Northeast Asian environments. For example, the ability to forage away from immediate sources of stone raw material may have facilitated the initial occupation of Chikhen Agui 30,000 to 27,000 years b.p. In contrast, initial occupation of Tsagaan Agui occurred much earlier because of the abundance of chert at the site (Brantingham et al. 2000 , Derevianko et al. 2000a . Consistent with the above model, the appearance of Initial Upper Paleolithic technologies in the Tsagaan Agui sequence at 33,000 years b.p. is coincident with the first use of a range of high-quality cherts and chalcedonies not available in the vicinity of the site. As at Chikhen Agui, Initial Upper Paleolithic populations occupying Tsagaan Agui were apparently foraging over much greater distances and transporting high-quality stone in the process. A similar shift from short-to long-distance raw-material transport characterizes the Middle-to-Upper Paleolithic transition in the Siberian Altai (Postnov, Anoykin, and Kulik 2000) .
With regard to the reliability of Levallois blade technologies and the minimization of foraging risks, we can offer only a tentative conclusion. The heavy emphasis on blade production in the Northeast Asian Initial Upper Paleolithic may underscore the importance of complex composite tools used perhaps as projectiles. However, blades with clear hafting accommodations and bone armatures designed for stone insets are not known definitively in Northeast Asia until the Last Glacial Maximum (Derevianko, Shimkin, and Powers 1998:82, 152 (Derevianko et al. 2000a) , but it appears that they do not replace those industries. At Kara Bom there is substantial continuity in core reduction strategies across the Middleto-Upper Paleolithic boundary (contra Goebel, Derevianko, and Petrin 1993), and indeed the many similarities between Middle and Initial Upper Paleolithic core technologies preclude any simple notion of "replacement." In addition, a number of "classic Mousterian" industries from Siberia (e.g., Okladnikov Cave, Strashnaya Cave, and Ustkanskaya) date as young as 35,000-28,000 years, persisting alongside other Siberian Initial Upper Paleolithic assemblages (e.g., Kara Tenesh, Ust Karakol-1, Kamenka A) that date between 42,000 and 31,000 years (Derevianko, Shimkin, and Powers 1998). The implications of this chronological overlap require further investigation.
Current evidence suggests that Initial Upper Paleolithic industries first appeared in southern Siberia around 43,000 years ago, in the Mongolian Gobi (Tsagaan Agui and Chikhen Agui, respectively) between 33,000 and 27,000 years ago, and in northwestern China at Shuidonggou by 25,000 years ago. Taken together, it appears that the expansion of the Initial Upper Paleolithic was gradual, lasting more than 10,000 years. The Initial Upper Paleolithic may document a revolution in human ecology and behavior, though it arguably occurred on an evolutionary time scale. It is important to emphasize, moreover, that there is as yet no fossil evidence to link these assemblages to the spread of any one hominid pop-ulation, and we lack a comprehensive theory integrating population dynamics, biogeography, and behavioral ecology in such a way as to permit untangling the complex relationships between archaic and modern human populations solely from archaeological data. Though it is tempting to speculate that anatomically modern humans were responsible for the Northeast Asian Initial Upper Paleolithic, any such conclusions must await further theoretical and empirical developments.
conclusions
We include the Kara Bom Upper Paleolithic, Chikhen Agui, and Shuidonggou assemblages in the Initial Upper Paleolithic, emphasizing both the striking technological coherence between these assemblages and the technological parallels with accepted Initial Upper Paleolithic assemblages from western Eurasia. Moreover, we hold that there is strong continuity between the regional Middle and Initial Upper Paleolithic. The primary technological features of the Northeast Asian Initial Upper Paleolithic include (1) expanded patterns of raw-material exploitation and transport, (2) emphasis on blade production from Levallois-like prepared cores, (3) high frequencies of retouched blades, (4) occasional classic and elongate Levallois points, and (5) Middle Paleolithic retouched tool types, especially side scrapers, notches, and denticulates. The assemblages discussed here fit the general chronological profile for the origin and elaboration of the Initial Upper Paleolithic, but the ages for the Initial Upper Paleolithic in Mongolia and North China are apparently younger than those documented in western Eurasia.
